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Crystal structure

An ideal crystal is
constructed by the
infinite repetition of
identical structure
units in space.




Crystal structure: lattice + basis

A Bravais lattice
consists of all points
with position vectors R
R=ma, +na, +na,
a,,a,,a, . primitive  vectors
A basis of atoms is attached to every

lattice point, with every basis identical
in composition.

. =X4q + X,d, + XA,

where  0<x,,x,,x;, <1



Face center square lattice

Square lattice

convention cell

Square lattice




Primitive lattice

1. Simple cubic lattice

o

a, —ai
a, =aj
a, = ak

2. Body center cubic lattice

convention cell
simple cubic
(2 atoms)



3. Face centered cubic lattice (fcc)

A= - (4 atoms)
alzg(j+k)

— a ;- 'R

a, :5(1 +k)

_ a,- -

”3:E(f +J) convention cell -

. simple cubic
4. Hexagonal lattice

. 1. 32
a,=a| —i+—]
2 2

a,=a lf—ﬁﬁ'
2 5 5 J




Primitive cell

Wigner-Seitz primitive cell

Drawing lines connecting the
point to all others 1n the lattice,
bisecting each line with a plane,
and taking the smallest
polyhedron containing the point
bounded by these planes




Examples of Wigner-Selitz primitive cell

bee
Wigner-Seitz
primitive cell of
bece lattice

fee P~ a8

ot ' = S '  Wigner-Seitz
= primiftive cell of
| fcc lattice




Periodic table

Table 3 Crystal structures of the elements
HY &k He® 2«
o The data given are at room temperature for the most common form, er at hes
g the stated temperature in deg K. For further descriptions of the elements 3.57
612 see Wyckoff, Vol. 1, Chap. 2 Structures labeled complex are described 583
E there.
Li 7z« | Be e=ra £ B c M |O F Ne 4
bee hep rhemb. | camend | cudic conplE fee
3491 | 2.27 3.867 |5.86 |(O) 446
259 (M)
Ma s | Mg Al Si P 5 ci Ar ax
bec hep Crystal structure feo damond | compiex | comples | complen | fec
4235 | 321 | «———— a latiice parameter, in A 405 |5.430 (Cl) |531
521 |« ¢ lattica parametar, in A
K=sx | Ca Sc Ti v Cr Mn Fa Co Ni Cu Zn Ga Ge As Se Br Hr ax
bes foc hep hep bec bee aible bec hep fee fce hep mmple | damend | rhont | ke wepn | foo
5225 | 558 3.31 2.95 303 288 onple | 287 2,51 3.52 3.6l 2.66 5.658 chaim [Bry] | 5.64
527 4.68 4.07 4.95
Rb = | 5r Y Ir Nb Mo |Tc Ru Rh Pd Ag Cd In Sn (a)]5b Te I Xe o
bt fee hep hep bee bec hep hep = fec fe hcp tetr. | damond Jeome [ bex wmplex || o
5.585 | 608 365 3.23 330 3.1 2.74 2.71 380 3.89 4.09 293 3.25 £.49 chaing Iy} 6.13
573 5.15 440 J428 5.62 4.95
Cs = | Ba La Hi Ta L Re Os Ir Pt Au Hg Tl Pb Bi Po At An
bee bee Fuene. hep bee bee hep hep fcc fee fec rhomt. | hep foo momb. | 5¢
6.045 | 502 377 3.19 330 3.16 2.76 274 3.84 3.92 4.08 346 495 334 — =
ABAC | 5.05 a.406 432 5.52
Fr Ra Ac
fee Ce Pr Nd Pm |5m |Eu Gd Th Dy Ha Er Tm Vb Lu
= = 531 tee Qhex | hex cmpis [oec Itep [hep [hep Ihep Jnep Jhep Jtee |hep
S5.16 367 3.66 — 4.58 3.63 3.60 359 ase 3.56 3154 548 AR0
ABAC =78 |s70 |s5es 562 §553 | 556 5.55
Th Pa u Np Pu Am Cm Bk cf Es Fm No Lr
foc [ totr. | compies [ conghes | compien | o,
5.08 3592 264 — — — s - — — —
3.24 ABAC




Examples of lattices with basis

1. Diamond structure

fcc lattice

7 =0 Diamond.S1.Ge
;o (G+]+k)
2 =\ J
2. Zincblende structure
fcc lattice
= _0 /nS, GaAs
0= Si1C. ZnS

1 - - -
T, =—0{+j+k
y = UHTHEk)



(Rocksalt)
3. Sodium chloride structure

fcc lattice

NaCl, LiH, MnO, KCI. KBr

4. Cesium chloride structure

. e

sc lattice H
T. = 0 ‘ , "'1,".-—5_\:\'& .
: 3
€l

3 :E(I +J + k) CsCl, AgMg, AIN1, CuPd



5. Hexagonal closed-packed structure (hep) 4. {3

hex lattice

7,=0 c=1.633a
7 =24+ a,+1a
2_3 1 3 2 2 3

hcp: ABABABAB......
fcc: ABCABCABC....

fcec along (111) direction



Reciprocal lattice

hb, + kb, +1b,

5 reciprocal lattice vectors

R:’?G-H’?G -H’?-:CI : :

|

G
a,,a,,a, . prinitive  vectors b,.b,

|

o . 0 iz
a-b =270 where O { J
i Y i ij

1 i=y
The reciprocal lattice vectors 1 en by:
bh=2m—2r% b, =21 T hrd
a,-(a, xa,) (@, xay) a,-(d,xa;)




One dimensional lattice

Reciprocal Lattice

F P s
L e

v ik, x
J)(I) :/4) +Z(A., S]'nk}_l,x ‘|‘B COSA;TY) y(X) Zr} C,e




Two dimensional lattice

iG-(F+R) __ ei@-?

€ Reciprocal lattice

— — —

G=hb +kb,; R=nd +n,d,



Examples of reciprocal lattice and first Brillouin

Z0NEe (The Wigner-Seitz primitive cell of the reciprocal lattice)

1. Simple cubic lattice (sc)

a, = ai
a, =aj
a, = ak

b, = =i
i

52 :2if
a

L

a

: : oo . .. 27
The reciprocal lattice of a sc lattice 1s a sc lattice of side —

2. Body center cubic lattice (bcc)

a, :E(z'_+}—,f?]

The reciprocal lattice of a bece lattice 1s a fcc lattice of side

471 —

b, = +k
g 2“ )
b, :ﬂl(;Jr;;)
a 2 =< e
_ Arx 1 _ 1 BZ of a bec lattice
b, = p 2(1 +j)

Az

a



3. Face centered cubic lattice (fcc)

— ac- - = 4r 1 - = =
ﬂz—}ﬂﬂ =——(—-1+j+k
1 2( y 1 a 2( J )
a,=—(i+k (77
2 2( ) b, . 2(1 j+k}
— ac— = - 4rl,.. - -
—_ + . 7 .
“ 2(IF ) by = p 2(“”’ k) 1 BZ of a fcc lattice
: . L. : : 4;
The reciprocal lattice of a fcc lattice 1s a bee lattice of side il
a

4. Hexagonal lattice (hex)

o 75
’ Homework: b,.b.. b, =72

_ {17 \/5__} e

a,=al —i ——]

- 2 2
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Vaspview
visualizing the charge (spin, partial charge) density
>vaspview/bin/vaspview CHGCAR

VASP Data Viewer

2pen File:

CHGCAR
Diata Set: 5i Diapaond

Data [Atorms | Bounds | Wiew | Options

o Dieaser Slice

Aziruthal slice angle: 0
T T I R U I T
1} an 180 270 360
Polar slice angle: 0
T T B R R T R R
1} an 180 270 360 .
Slice offset: 0
L T T S R T
-2 -1 1} 1 2
X Draw Iso-Surface
Iso- sueface walue: F.hd1
[ R R R O R RN RO IR R
-7.796 7541 2288

Iso-surface detail:

- Ly Hizh

=T.7956 12878

H: T Z: Falue:

"CHGCAR" Loaded.
Srnr— ol




Open File:

CHGCAR
Diata Set: 5 Diaonond

Elice offset:

-2 -1
M Drawr Iso-Suxface

Iso - suxface salue:

pooogoo
=7.796
Iso-suxface detail

1 1
Lonsr

2E 878

= L' =l Walue:
"CHGCAE" Loaded.

o



VASP Data Viewer

(=](3][%]

cooceR o



VASP Data Viewer

Click+direction key

(= ][3][x]

cceR o




VASP Data Viewer

o

-7 .70a0
=
"CHGCAER" Loaded.

L'

Open File:

CHGCAR ﬂpenl

Cuoxrent & toon:

Atorn tepe: 1
Atorn location: <025 0.25 0.25:
Lockat Atom| Hide Atora| Show A11 Atoms |

Borud frorm: 1 \
Bond to: =

Bond size:

I-.I 1 1 1 1
i = dq a

444 Fond ) Delete Bond |

22878
Walue:




o

VASP Data Viewer

"CHGCAR" Loaded.

L'

Walue:

Open File:

CHGCAR
Diata Set: 5 Dianmond

-1
1 0 1 0 0 ]
1 z
-1
1 0 1 0
1 z
0
1 I " ' I-.II ! 1 L | 1 LA |
-1 1] 1 z2
Bazicoorn 2 1
I e v I Qe I |
-1 ] 1 z
Bazicourn ¥ 1
1 0 0 0 1 I--II 0 1 0 0 ]
-1 ] 1 z
1
1 0 0 1 I-.II 0 1 0 0 ]
-1 ] i z




Density of state
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W

File Edit Data Plot  Miew Window

Grace: Untitled (modified)

GO %, ¥ = [-12.9105, 10.6575]
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Partial density of state
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File Edit Data Plot  Miew Window

Grace: Untitled (modified)

Help

IGD: Y = [-6.43314, 0.0288621]
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Homework
please Email to jeng@phys.sinica.edu.tw

* Plot charge density, DOS, and PDOS of
Si(Dia) and C(Dia) using LDA with
experimental lattice constant

* Plot charge density, DOS, and PDOS of
Cu(FCC), V(BCC), and Ti(HCP) using GGA
with experimental lattice constant (Hint: for
HCP lattice, use Gamma Monkhorst-Pack k-
mesh by adding ‘G’ in front of ‘Monkhorst-
Pack’ in KPOINTS)



